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Description 

The present invention relates to a radial tyre, more spedficalty a radial tyre which can reduce the fuel consunnption 
of a car. 

5 Recently, global scale environmental problems such as ozone layer depletion, acid rain and the greenhouse effect 

of the earth, come into question. These problems mostly derive from components In exhaust gases produced in com- 
bustion of car fuels sudi as gasoline. Therefore, reducing the amount of car fuels burnt can be one contributor to effective 
resolution of these problems. 

Accordingly, in North America laws concerning fuel consumption such as the Gas Guzzler Tax and Company Aver- 

10 age Fuel Economy (CAFE), for example, are under consideration. Technical developments in view of CAFE include 
studies for improvement of the efficierK;y of engines and the like, lowering of the energy loss of each part of a car, lowering 
the weight of a car. and the like. With respect to the tyres, the above-mentioned problems can be reduced by accom- 
plishing, at the same time, lowering of energy loss in a tyre and lowering of the weight of the tyre. 

In order to lower the energy loss of a tyre, several approaches are being employed. For Example, the tan 5 peak 

15 temperature of a cap tread can be lowered (Approach 1 -1 ) . When the tan 5 peak temperature of a cap tread is lowered, 
however, the wet grip tends to be lower. Also, for the same purpose, the cart>on t)lack content of the cap tread can be 
lowered (Approach 1-2). When the carbon black content is lowered, however, the wet grip and the dry grip tend to be 
lower and abrasion resistance also tends to be lower, further, a cap/base structure can be adopted for a tread with the 
cartx3n black content of the base tread rubber set lower (Approach 2). When the cartx)n black content of a base tread 

20 rutsber is lowered, however, the rigidity of the base tread tends to be lowered which makes tiie steering stability worse. 
Still further, in order to lower the energy loss in the sidewall rubber, the carbon black content of the sidewall rubber can 
be lowered (Approach 3). When the cartx>n black content of the sidewall rubt>er is lowered, however, the rigktity of the 
sidewall tends to be lowered which makes the steering stability of a car worse. 

In order to lower the weight of a tyre, the groove depth of the cap tread may be made shallow (Approach 4). When 

25 the groove depth is made shallow, however, the tyre life tends to be shortened. Also, for the same purpose, the thickness 
of the sidewalls may be made small (Approach 5). When the thickness of a sidewall is made small, however, the rigidity 
of the tyre tends to be deficient which makes the steering stability worse. Further, to lower the weight of the tyre, the 
volume of the bead apex may be made smaller (Approach 6). When the volume of the bead apex is made smaller, 
however, the steering stability of a car tends to be worse. 

30 Further, by combining said Approaches 1-1. 2-2 to 6, a tyre which has low energy loss and a low weight can be 
obtained to realise the lowering of fuel consumption of a car. Howe\^er. the tyre is still inferior in steering stability properties 
such as the grip characteristics arxl handling response. 

Also, there has been proposed a tyre which contains short fibres in components such as the tread base, the sidewall 
and/or the bead filler to improve the steering stability of the car (JP-A-204637/19d4. JP-A-204638/1984. JP-A- 

35 25605/1 986, JP-A-2631 04/1 988). 

However, such a tyre cannot realise lowering of energy low and the lowering of weight 

The present invention has an object in solving the above problems, and provides a radial tyre which has a low energy 
loss, has a low weight and provides excellent steering stability on a car. 
According to the present invention a radial tyre comprises: 

40 . 

(A) a cap tread comprising a rul^ber composition which has a tan 6 peak temperature measured after vulcanisation 
of not lower than -SCC, 

(B) a base tread comprising a rubber composition containing, per 100 parts (part by weight, hereinafter the same), 
of a rut3ber component, not more than 30 parts of a cartx)n black which has an iodine adsorption number of from 

45 30 to 90mg/g, and not less than 10 parts of a short fbre, the short fibre being oriented in substantially the axial 
direction (hereinafter referred to as the **axial direction*^ of the tyre. 

(C) a sidewall comprising a rutsber composition containing, per 100 parts of a rubber component, not more than 30 
parts of a cartxin black which has an iodine adsorption number of form 30 to SOmg/g and not less than 1 0 parts of 
a short fbre, the short fbre being oriented in the peripheral direction of the tyre, and 

50 (D) a bead apex comprising a rut>ber composition containing, per 100 parts of a rubber component, not less than 
65 parts of a carbon black which has an iodine adsorption number of from 60 to 1 0Omg/g and not less than 20 parts 
of a short fbre, the short fibre being oriented in the axial direction of the tyre or a direction which crosses the axial 
direction. 

55 Some emt>odiments of the invention will now be described by way of exanple only, in conjunction with the attached 
diagrammatic drawings in which: 

Figure 1 is a schematic perspective view showing short fibres oriented in a base tread in the axial direction of a tyre; 
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Figure 2 is a schematic perspective view showing short fibres riented in a sidewati in the peripheral direction of a 
tyre; 

Figure 3 is a flow chart showing a manufacturing process for a base tread and a stdewall; ar^ 

Rgure 4 is a schematic p^-spiective view showing a method for cutting out a base tread from a tubular extruded article. 

5 

The radial tyre according to the present invention is a tyre having features in a cap tread, a base tread, a sidewall 
and a bead apex. 

The cap tread comprises a rubber composition have a tan 6 p^k temperature measured after vulcanisation of not 
lower tiian -30*'C. more preferably from -30<'C to - 10^*0. The t)alance between rolling resistance and wet grip varies 
10 depencfing on the tan 5 peak temperature. If the tan 5 peak temperature is lower tiian -ZO^C, the rolling resistance 
terxis to be small while the wet grip tends to be worse. 

The rubiber component of the rutiber composition is not particulariy limited but a solution-polymerised SBR is pref- 
erable because of its nature which further towers the rolling resistance and improves wet grip. The rubber composition 
usually contains, per 100 parts of ruk)ber components. 40 to 80 parts of cart>on black. 1 to 40 parts of oil, 1 to 3 parts 
IS of wax, 1 to 3 parts of rubber antioxidant 1 to 3 parts of sulfur and 1 to 2 parts of accelerator. 

Standard kalends are used directed to excellent grip characteristics, low rolling resistance and the like. 
The thickness of the cap tread is usually 5 to 9mm. 

The rubber composition of the base tread of the tyre according to the present invention contains, per 100 parts of 
a rubber component, not more than 30 parts, more preferably 5 to 30 parts, of a cartx)n biadk having an iodine adsorption 
20 number of from 30 to 90mg/g, more preferably from 30 to 70nng/g. If the iodine adsorption nun^er is lower tiian 30mg/g. 
the steering stability of a car tends to be poor. If more than 90mg/g. the rolling resistance is increased. If the carbon 
black content is more than 30 parts, the rolling resistance is worse. 

The ruk^er composition of the t>ase tread of the tyre according to the present invention further contains, per 100 
parts of rubber component, not less than 10 parts, more preferably 10 to 30 parts, of a short fibre. As shown in Figure 
25 1 the short fibre 2 is oriented in the base tread 1 in the axial direction of the tyre 4. Here, "the axial direction" means the 
direction crossing the peripheral direction of the tyre substantially at a right angle. If the short f bre content is lower than 
10 parts, there is a tendency for the modulus of elasticity In the axial direction to be too tow. and the transverse rigidity 
is lower to make the steering stability of a car too poor and to make the rolling resistance higher. If the orientation direction 
of the short fibres is a direction which is not the axial direction of the tyre, for example the peripheral direction of the 
30 tyre, the steering stability of a car and tiie rolling resistance are not improved. For the short fbre. a short fibre grafted 
into natural rubber, such as UBEPOL-HE 0100 (availat>le from UBE Industries Limited), i.e. nylon-6 having an average 
diameter of 0.3M.m and an average length of 300^m. can be used. 

The rubber composition of the base tread of the tyre according to the invention usually contains, per 100 parts of 
rubber component, not more than 30 parts of the cartx)n blacks in total (a cark>on black having an iodine adsorption 
35 number outside the range from 30 to 90mg/g may be included as part), 0-1 0 parts of oil, 0 to 2 parts of wax. 0 to 3 parts 
of rubber antioxidant 1 to 3 parts of sulfur and 1 to 2 parts of accelerator. 

The thickness of tiie base tread is usually approximately 1 to 5mm. The total tiiickness of the base tread and tiie 
cap tread is usually approximately 1 0mm. 

The base tread used in the present invention can be manufactured, for example, by tiie following method. 

40 

Manufacturing method 1 for the t>ase tread 

A mixture of rutiber component, cartxjn black, short fibre and other additives is mixed in a Bankxiry mixer to prepare 
rubber composition for the base tread. This rubber composition 5 is rolled in a calender roll 6 to make a sheet having a 
45 thickness of 1 to 6mm as shown in Figure 3. When tiie fibre is oriented in the axial direction, sheet pieces each having 
a longitudinal direction which is at a right-angle to the rolling direction are cut out and joined to a prescribed length to 
make a base tread as shown in Figure 3. 

Manufacturing method 2 for the base tread 

so 

The same rubber composition for a base tread as prepared in Manufacturing method 1 , is extruded with an extruder 
to obtain a tube. In this process, the short fibre is oriented in a direction which is parallel to the longitudinal direction of 
the tuba A sheet piece is cut from the tube in a spiral manner at a prescribed angle 6 (with respect to the perpendicular 
direction to the axis of the tube) to obtain a base tread. If the diameter of the tube is great enough and consequently the 
55 cutting angle G is so small, the resultant base tread is one in which the short f bre is oriented in the axial direction. 

The rubber composition of the sidewalls of the tyre according to the present invention contain, per 100 parts of 
rubber conrtponent not more than 30 parts. nrx3re preferably 1 "0 to 30 parts of a cartx>n black having an iodine adsorption 
number of from 30 to 90mm/g. preferably from 30 to 70mg/g. If the iodine adsorption number is lower than 30mg/g, the 
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steering stability of a car tends to be poor. K more than 90mg/g, the rolling resistance tends to be increased, ff the cartx>n 
black content is more than 30 parts, the rolling resistance tends to increase. 

The rut:ber composition of the sidewaJI of the tyre according to the present invention further contains, per 100 parts 
of rubber component not less than 10 parts, preferably 10 to 30 parts of short iJbres, 

5 As shown in Rgure 2. the short ifbres 2 are oriented in a sidewall 3 in the peripheral direction of a tyre 4. If the short 

fibre content is lower than 10 parts, the steering stability terxjs to b& poor. If the orientation direction of the short fibre 
ts a direction which is not the peripheral direction of the tyre, for example the axial direction of the tyre, the steering 
stability of a car is not improved. For short fbre, the above-described UBEPOL-HE 0100 (available from UBE Industries 
Limited) or the like can be used. 

10 The rubber composition of the sidewall of the tyre according to the present invention usually contains, per 1 00 parts 
of a rutsber component, not more than 30 parts of carixjn Islacte in total (a carbon black having an iodine adsorption 
number of outside the range from 30 to 90mg/g may be included as part), 0 to 10 parts of oil, 1 to 3 parts of wax, 2 to 
5 parts of rubber antioxidam, 1 to 3 parts of sulfur and 1 to 2 parts of accelerator. 
The thickness of the sidewall is usually approximately 1 to 5mm. 

IS A sheet having a longitudinal direction which is the rolling direction and having a prescribed length can be cut out 
in the same manner as in Manufacturing method 1 for the base tread to obtain a sidewall as shown in Rgure 3. Alter- 
natively the sidewall can be manufactured by using an extruder in the usual manner. The sidewall is preferably manu- 
factured by the ORBI method. In the ORBI method an extruder produces an extrudate in the form of a string which is 
wound to form the sidewall region. The ORBI method is a preferat)le method, because no separation in the joints occurs 

20 since there is no joint and the sidewall is formed uniformly on its periphery. In a conventional method in which the 
sidewall is extruded as one txxjy and shaped up, for example, the green-strength in the peripheral direction is high and 
consequently the joint parts may separate in the inflation step to shape the tyre. 

The rubber composition of the bead apex of the tyre according to the present invention contains, per 100 parts of 
rubber component, not less than 65 parts, preferably 65 to 100 parts of a carbon black having an iodine adsorption 

25 number of from 60 to 1 0Omg/g. preferably from 60 to 90mg/g. If the iodine adsorption number is lower than 60mg/g. the 
steering stability of a car tends to be poor. If more than lOOmg/g. the extrusion tends to be difficult. If the cartx>n t>!ack 
content is less than 65 parts, the steering stability tervds to be worse. 

The rubber composition of the bead apex of the tyre according to the present invention further contains, per 100 
parts of rubber component, not less than 20 parts, preferably 20 to 50 parts of short fibres. The short fibres are oriented 

30 in the bead apex in the axial direction of the tyre or a direction which crosses the axial direction of the tyre. Here, "a 
direction which crosses the axial direction" means the direction where the crossing angle with respect to the axial direction 
is ±30 to 60**. preferak^y ±45**. If the short fibre content is lower than 20 parts, the steering stability of a car tends to be 
poor. If the orientation direction of the short fibres is a direction which is neither the axial direction of the tyre nor a 
direction which crosses the axial direction, for exannple the peripheral direction of the tyre, the steering stability of a car 

35 is not inrtproved. For the short fibres the above-mentioned UBEPOL-HE 0100 (available from UBE Industries Umrted) 
or the like can be used. 

The rubber composition of the bead apex of the tyre according to the invention usually contains, per 100 parts of 
rubber component 50 to 80 parts of carbon blacks in total (a carison black having an iodine adsorption number of outside 
the range from 30 to lOOmg/g may be included), 0 to 5 parts of oil, 0 to 2 parts of wax. 0 to 3 parts of rubber antioxidant 
40 2 to 6 parts of sulfur and 2 to 5 parts of acx;elerator. 

The height of the bead apex is usually approximately 10 to 70mm. 

The radial tyre according to the present invention is produced by the conventional production process. First, unvut- 
canised rubber is obtained by blending and mixing. Then a green tyre is formed from the unvulcanised rubber by using 
processes such as calendering, topping and extrusion. Subsequentiy, the green tyre is vulcanised to provide the radial 
45 tyre. 

The radial tyre according to the present invention is especially suitat>le for passenger cars and commercial vehicles. 

The present invention is more specifically described and explained by means of the following Products Examples 
and Examples. The present invention however is not limited to the Examples. Testing methods and description formulae 
of the results in the Products Examples are listed below. 

so 

Rolling resistance 

Rolling resistance was measured by using a uniaxial drum tester under conditions of an inner pressure of a tyre of 
2.5kgf, a load of 350 kgf and a speed per hour of 80km/h. The result is described in terms of a relative value (index) to 
55 "100** of the reference tyre. When the index is low, the rolling resistance is excellent. 
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25 



Steering response and Grip characteristic fSteerina stability 

Four tyres to be tested were fitted to the four wheels of a domestic 1600cc FF passenger car. and the steering 
stability of the car was evaluated on the Okayama Test Course owned by Sunrtitonno Rubber Irxiustries Limited. The 
steering response is represented by the response of the car to steering operation when running straight. The grip char- 
acteristic is represented by a boundary speed or behaviour when the car began to slide due to centrifugal force when 
cornering. Each result is classified to five stages and is shown In terms of a relative point score to "3" of a reference 
tyre. The larger the point score the better. In the Tables a mark attached to the right shoutier of a figure means being 
somewhat superior. 

Wet braking 

Four tyres to be tested were fitted to the four wheels of the same passenger car as used in the steering stability 
test. Water was sprinkled over the asphalt road surface of the at>ove-mentioned Okayama Test Course. The car ran on 
the asphalt road at 40knVh, and then the brake stopping distance was measured. The wet brake \i was calculated 
according to the following equation: 



V = initial t 
g = gravitatiortal acceleration 
I = brake stopping distance 

The result is shown in terms of a relative value (Index) to "100" for a reference tyre. The larger the index the better. 
Ride comfort 

30 The four tyres to be tested were fitted to four wheels of tiie same passenger car as used in the steering stability 
test. The shock feeling, dumping and hardness feeling were evaluated on various road surfaces (stone pavement road, 
uneven road, repaired road) of the above-mentioned Okayama Test Course. The result is shown in the same manner 
as in the steering stability test. 

The compositions of the components otiier than the characteristic components prepared in Production Examples 

35 are shown in Tak>le 1 . 
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Table 1 
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Zinc oxide 
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Sulfur 
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Accelerator CZ 
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Retander PVI 
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30 '^ Solution-polymerised SBR: Bonded styrene content is 1 5% by weight , vinyl content 

is 57% t>y mole 

'2 Solution-polymerised SBR: Bonded styrene content is 1 5% tjy weight, vinyl content 
is 45% by mole 
•3 PR1 2686 resin 

35 

PRODUCTION EXAMPLE 1 
(Cap tread) 

A cap tread rubber composition was prepared by mixing a mixture of 60 parts of a solution-polymerised styrene- 
40 butadiene rut^ber (SBR) (bonded styrene content 15% by weight, a vinyl content of 30% by mole), 40 parts of natural 
rubber (NR), 60 parts of N351 (cartx>n black). 25 parts of aromatic oil, 1 .5 parts of wax. 1 .5 parts of rubber antioxidant 
6PPD. 2 parts of stearic acid, 3 parts of zinc oxide, 1.75 parts of sulfur and 1.5 parts of accelerator CZ, in a Banbury 
mixer. Then a fc^ase tread rutiber composition was prepared using the composition described in Table 1 . These rubber 
compositions were co-extruded so that the upper layer was the cap tread composition and the lower layer was the bas 
45 tread composition, to obtain a tread of a cap tread/base tread 2-layer structure. Using this tread and sidewalls and bead 
apexes of which the respective compositions were as shown in Table 1, forming and vulcanisation were canried out to 
obtain a radial tyre A (185/65 R14). The radial tyre corresponded to a DUNLOP SP7 (available from Sumitomo Rut>ber 
Industries Limited) except for the compositions of the cap tread, the base tread, the sidewall and the bead apex, the 
rolling resistance (RR) arxJ the wet brake of this radial tyre A were tested. Further a rubber piece was cut from the cap 
50 tread and the tan 5 peak temperature of the piece was measured. 

The conposition and the tan 6 peak temperature (T p (^'C)) of the cap tread and the test results of the radial tyre 
A are shown in Table 2. 

Radial tyres B. C and O were produced in the same process as the atxiveKjescribed process using the same com- 
position for the cap tread rubber except that the rubber component and the carbon black connponent were changed as 
55 shown in Table 2. The tan h peak tennperatures of the respective cap treads and the rolling resistances and the wet 
brakes of the respective radial tyres were tested. The results are shown in Table 2. 

The radial tyre D was one having a standard wet grip characteristic. The test results for the rolling resistance the 
wet txraking of the other radial tyres to D are shown in relative values (indices) to that of the radial tyre D. 
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Table 2 
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SBR*i 


60 


60 






SBR^ 






60 


50 
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35 


NR 


40 


40 


40 


15 


N351 


60 


55 




60 


SAF 






42 
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-40 


-43 


-32 


-24 


RR (index) 


83 


81 


91 


100 


Wet brake (index) 


92 


91 


98 


100 



•1 Solution-potymerised SBR: bonded styrene 
content is 1 5% by weight, vinyl content is 30% 
by mole. 

*2 Solutton-polynierised SBR: bonded styrene 
content is 1 5% by weight, vinyl content is 57% 
t>y mole. 

*3 Solution-polymerised SBR: bonded styrene 
25 content is 29% t>y weight, vinyl content is 40% 

by mole. 



30 Table 2 shows that virtien the tan 5 peak tenperature of the cap tread after vulcanisation was lower than -30**C, the 
wet grip became worse white the rolting resistance was lowered. 

PRODUCTION EXAMPLE 2 
(Base tread) 

35 

A base tread rubber composition was prepared by mixing a mixture of 70 parts of natural rubber. 30 parts of butadiene 
rubber (BR), 15 parts of short fibre material (a short fibre comp>onent in UBEPOL-HE 0100), 10 parts of FEF, 5 parts of 
an aromatic oil. 3 parts of phenol resin. 1 .5 parts of wax. 2 parts of rubber antioxidant. 2 parts of sulfur and 1 .3 parts of 
accelerator CZ. in a Banlxiry mixer. Also, a cap tread rubber composition was prepared using the composition described 

40 in Table 1. When no short fibre was blended or the short fibre was oriented in the peripheral direction of the tyre, the 
atx>ve-described rubber compositions were co-extruded so that the upper layer was the cap tread composition and the 
lower layer was the base tread composition, to obtain a tread of cap tread/base tread 2-layer structure. When the short 
fibre was oriented in the axial direction of the tyre, a cap tread was extruded, separately therefrom, the base tread was 
cut out from a calerxJered sheet, and they were placed together as an assembly. Using this tread and the sidewalls and 

45 the bead apexes, the respective compositions of which are shown in Talale 1 . forming and vulcanisation were carried 
out to obtain the radial tyre (A) (185/65R14). The radial tyre (A) corresponded to a DUNLOP SP7 (available from Sum- 
itonrx) Rubber Industries Limited) except for the cap tread, the base tread, the sidewall and the bead apex. The rolling 
resistance (RR) and the steering stability (handling response) of this radial tyre (A) were tested. 

The composition of the base tread rubber and tine orientation direction of the short f bres in tiie base tread and the 

50 test results of the radial tyre (A) are shown in Table 3. 

Radial tyres (B) to (I) were produced by the same process as the above-described process using the same com- 
position for tiie base tread rubber except that the rubber conponent, the cart>on black component and the short fibre 
component and the orienting direction of tiie short fibre were changed as shown in Table 3. Here, the iodine adsorption 
numbers of tiie respective carbon blacks are as follows: FEF 43mg/g, HAF 82mg/g. ISAF 121 mg/g. tSAF is not a cartoon 

55 black which is used in the present invention. The rolling resistance and the steering stability (handling response) of the 
respective radial tyres were tested. The results are shown in Table 3. 

The radial tyre (B) had a standard rolling resistance and steering stability, the test results for roiling resistance and 
the steering stability (handling response) of the other radial tyres than the radial tyre (B) are shown in relative values 
(indices) to that of the radial tyre (B). 
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Table 3 shows the following facts: FEF improves the steering stability more than HAF; when the short fibre content 
is lower than 10 parts, the steering stability is lowered; when the carbon black content is higher than 30 parts, the rolling 
resistance becomes worse (increases); when the iodine adsorption number of the carbon black is higher than 90mg/g, 
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the rolling resistance becomes worse; when the rientation direction of the short fibres is the peripheral direction of the 
tyre, the steering stability (handling response) becomes worse. 

PRODUCTION EXAMPLE 3 
5 (Sidewall) 

A sidewall rut)ber composition was prepared by mixing a mixture of 45 parts of natural rutsber. 55 parts of butadiene 
rubber, 15 parts of a short fibre (short fibre component in UBEPOL-HE 0100), 20 parts of FEF, 5 parts of aromatic oil, 
2 parts of was, 3 parts of rubber antioxidant 6PPD. 2 parts of stearic acid. 3 parts of zinc oxide, 1 .5 parts of sulfur and 
10 1 part of accelerator CZ, in a Banbury mixer. The rubber composition was extruded into a prescribed form by an extruder 
to obtain a sidewall. Using the sidewalls and the cap tread, the base tread and the bead apexes of which the respective 
compositions are shown in Table 1, forming and vulcanisation was carried out to obtain a radial tyre (1) (185^65R14). 
The radial tyre (1) corresponded to a DUNLOP SP7 (available from Sumitomo Rubber Industries Limited) except for the 
cap tread, the t^ase tread, the sidewall and the bead apex. The rolling resistance (RR) and the steering stability (handling 
15 response) of this radial tyre were tested. 

TTie composition of the sidewall rutsber arxi the orientation direction of the short fibres in the sidewalls arxl the test 
results of the radial tyre (1) are shown in TMe 4. 

Radial tyres (2) to (8) were produced by the same process as the at>ove-described process using the same com- 
position for the sidewall rubber except that the rukjber component, the cart)on black component and the short fibre 
20 component and the orienting direction of the short fibres were changed as shown in Table 4. The rolling resistance and 
the steering stability (handling response) of the respective radial tyres were tested. The results are shown in Table 4. 

The radial tyre (4) is that having a standard rolling resistance and steering stability. The test results of the rolling 
resistance and the steering stability (handling response) of the other radial tyres than the radial tyre (4) are shown in 
relative values (indices) to that of the radial tyre (4). 

25 

Table 4 





(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


NR*2 


454 


45 


45 


45 


45 


45 


45 


45 


BR 


55 


55 


55 


55 


55 


55 


55 


55 


FRR*i 


15 


15 


15 






10 


20 


5 


Orienting 
direction 


Peripheral 
direction 


Peripheral 
direction 


Axial direction 






Peripheral 
direction 


Peripheral 
direction 


Peripheral 
direction 


FEF block 


20 


10 


20 


50 


40 


20 


10 


30 


RR 


95 


95 


100 


100 


95 


99 


100 


100 


Handling 
response 


3.5 


3* 


2.5 


3 


2.5 


3 


3.5 


3" 


Ride comfort 


3* 


3.5 


3 


3 


3.5 


3* 


3 


3 



*1 Nylon short ffftire component in UBEPOL-HE0100 
•2 Natural rubber in UBEPOL-HE 0100 is included 



45 

Table 4 shows that when the short fibre is oriented in the axial direction of tyre, the steering stat^lity handling 
response) becomes worse. The radial tyre (8) is somewhat inferior to the reference tyre (4) in the handling response 
since the amount of the short fibre is as small as 5 parts. 

50 PRODUCTION EXAMPLE 4 
(Bead apex) 

A bead apex rubber connposition was prepared by mixing a mixture of 100 parts of natural rut>ber, 30 parts of a 
short fibre (a short fibre componem in UBEPOL-HE 0100), 70 parts of HAF, 15 parts of R12686-resin (thermosetting 
55 resin) (available from Sumitomo Oyurez Kak>ushiki Kaisha). 3 parts of phenol resin (tackifier). 2 parts of stearic acid, 5 
parts of zinc oxide, 3 parts of sulfur, 3.8 parts of accelerator CZ and 0.4 parts of Retarda PVI. in a Banbury mixer. The 
rubber composition was extruded into a prescribed form by an extruder to obtain a bead apex. Using the obtained bead 
apexes and the cap tread, the base tread and the sidewalls of which the respective compositions are shown in Table 1 , 
forming arxJ vulcanisation were carried out to obtain a radial tyre 1 (185/65R14). The radial tyre 1 corresponded to a 
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DUN LOP SP7 (available from Sumitomo Rubber Industries Limited) except the cap tread, the base tread, the sidewalls 
and the bead apex. The rolling resistance and the steering stability (handling response) of this radial tyre were tested. 

The composition of the bead apex rubber and the orientation direction of the short fibres in the bead apex arid the 
test results of the radial tyre 1 are shown in Table 5. 

Radial tyres 2 and 3 were produced by the same process as the above-described process using the same compo- 
sition for the bead apex rubber except that the rut^ber component the carbon black conrponent and the short fibre 
composition and the orienting direction of the short fibre were changed as shown in Table 5. The rolling resistance and 
the steering stability (handling response) of the respective radial tyres were tested. The results are shown in Table 5. 

The radial tyre 3 is that having a standard rolling resistance arri steering stability. The test results of the rolling 
resistance and the steering stability of the other radial tyres than the radial tyre 3 are shown in relative values (indices) 
to that of the radial tyre. 



Tables 





1 


2 


3 


NR*3 


100 


100 


100 


FRR*i 


30 


30 




Orieming direction 


Axial direction 


Cross direction (±45') 




HAF 


70 


70 


70 


Thermosetting resin*2 


15 


15 


15 


RR 


100 


100 


100 


Handling response 


3* 


3.5 


3 



*1 Nylon short fibre componeni in UBEPOL-HE 0100 
•2 PR1268e-resin 

*3 Natiral rufciber in UBEPOL-HE 0100 is included 



Tattle 5 shows that when the short fibre is orierrted in the bead apex In the axial direction or a direction which crosses 
the axial direction of the tyre, the steering stability (handling response) Is Improved. 

EXAMPLE 1 

Using composition Tb for the cap tread shown In Table 6. mixing and extrusion were carried out to obtain a cap 
tread. Here, the iodine adsorption number of carbon black N-351 was 68mg/g. The tan 5 peak temperature of the cap 
tread rubber was measured to find it is -24*'C. 

Using composition Bq for the base tread shown in Table 6. mixing and extrusion were canried out to obtain a base 
tread. 

Using composition Sb for the sidewall shown in Table 6. mixing arti extrusion were candied out to obtain a sidewall. 
Using corrposition Ab for the bead apex shown in Table 6, mixing and extrusion were carried out to obtain a bead 
apex. 

Using the obtained cap tread, base tread, sidewalls and bead apexes, forming and vulcanisation were carried out 
to obtain a radial tyre (18V65R14). 

The radial tyre corresponded to a DUNLOP SP7 (available from Sumitomo Rubber Industries Limited) except for 
those four construction parts. The short fibres were oriented in the axial direction in the base tread, in the peripheral 
direction in the sidewall, and in the axial direction in the bead apex. The construction of the tyre is summarised in Table 7. 

This radial tyre was weighed, and the rolling resistance, the grip characteristic (steering stability), the handling 
response (steering stability) and the ride comfort of the tyre were tested. 

The results are shown in Table 7. 

The sizes of the respective constructional parts are shown in Table 8. 
EXAMPLES 2 AND 3 

The same tyre was obtained in the same manner as in EXAMPLE 1 except that compositions for the cap tread, for 
the base tread, for the sidewall and for the bead apex shown in Tat>le 7 were used. The same tests as those of EXAMPLE 
1 were carried out on the resultant tyre. The results are shown in Tattle 7. The sizes of the respective constructional 
parts are shown In Table 8. 



COMPARATIVE EXAMPLES 1 TO 3 
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The same radiaJ tyres as those of EXAMPLE 1 were obtained, except that the compositions shown in Tattle 6 and 
constructions shown in Tatde 7 were used. 

These radial tyres were weighed and the rolling resistance, the grip characteristics, the handling response arxi the 
ride comfort of the tyres were tested. The results are shown in Table 7. 

The radia] tyre of COMPARATIVE EXAMPLE 3 was that having a standard rolling resistance. The test results for 
the rolling resistance of the other radial tyres than the radial tyre of COMPARATIVE EXAMPLE 3 are shown in relative 
values (indices) to that of the radial tyre of COMPARATIVE EXAMPLE 3. 

The sizes of the respective construction parts are shown in Table 8. 



15 



20 



o 

•H 

•H (0 

u> a> 
o ia 
a. X 
m u Q) 

O O Oi 
U »M fl3 



o *d 

•H 'O 
(0 -H 

o n 
cu 

B U 

o o 



c 
o 

•H 

O Xi'O 

cu to 
6 u 0) 
o o ^ 
a u-i +j 



C 0) 

o u 

o o 
a 

s u 

o o 

a tM 



CQ 



O 

o 



I I 



o 

O I I 



I I 



in in 
in 



in in 
in 



in in 
in 



o o 



o o 
vo ^ 



I I I I 



I I I I 



till 



I I 



I I 



in , o 
f-i ' in 



I I I 



o 



I I 



o o 



O r-f CM n TT 

tH -IC -It •)£ « 

* 

04 O CQ P3 OQ 

Z CQ CO CO CO CO 



I I 



I I 



o 
in 



o 

CM 



I I 



in 



o 



in 



I I 



I I 



o I I 



VO «H CO 

•ic in « 

Pt4 n pLi 

2 ac 



m 








1 


1 


in 

tH 


1 


n 


1 

t 


1 


1 
1 


1 


LO 


1 


1 


1 


1 


1 


in 




1 


o 


1 


1 


o 






<N 




1 


1 


1 








S' 




C 


•H 


■H 


-H ^ 


-P 


o 


CO M 


4J 




0) 0) 


0) 


o 




CO (7t 


•H 


<M 


o * 


4J 


»H -H 


E-5 




o ^ 




g 


c o 


0) CO 




0) n] 




u 


5^ ^ 


6^ u 


< 


CM ^ 



11 



EP0604108B1 



4J 
C 
<1» 

c 
o 
u 



4J 

c 

0) 

+> 
c 
o 
u 



4-> 

c 

Q) 

c 
o 
o 



4J 

c 

C 

o 
t) 



I I 



I I 



in in 



I I I I I 



(M tn r» 



I I t I 



I t I I 



CM r> r>* n 



CM cn 



C 
TJ 

0) o 

ja -H Q 
X ja 4-> oi 



u 

(0 



0) 
•H 

X 

o 

o 
c 



4J 



in 



in 



o 

u 
o 

0) 



CO 



c 



0) 



to 

-H 

c 

0) 

c 
o 
o 

0) 

c 
o 

u 

TJ 
0) 
TJ 
C 

o 



c 



% 

in 



u 

'H 

4J 
C 
Q) 
4J 
C 

o 
o 

a> 
c 

<D 

>i 

» 

0) 
T3 
C 

o 



CM 



C 
Q) 

C 

o 
u 

0) 

c 
a> 

>t 

-P 

U3 

0) 
'O 

c 
o 
ja 



c 



•H 



<M 



4J 

c 

C 

o 
u 

0) 

c 

u 
>l 

CO 
TJ 

c 
o 
ia 



at: 

CO 



CO 



CO CO 



T3 TJ 

O <0 

CO to 

-H -H 

O 0) 

§. 

0 O 

a o« 

1 0) I (U 
C .H C 

o o o o 

^ JQ ^ ^ 

o o 

CO <*P CO <w> 
in 

in ^ 



TJ 
0) 



u 
d) 
a 



TJ 
(0 

Q) 



CP 



0 o 
a a 

1 a> t 0) 

c <H c .H 

o o o o 
•H s-H g 

.H ja r-i ia 
o o 

CO <^ CO d4» 

r> o 



o 
o 



Ja 

s 

M 

CQ ------ 

cj> e 
B e CM 

n n CO 00 

•I-l vo 

CO 

4J (0 (0 
C -i-l -H 
0) M 
C b M Q) 
O 0) O A 

o.^ ja e 
u c c 

c 

0) c c o 

o o 
ia -H ^ 
•H 4-> 4J a 

«M Qi O4 M C 
U U O-H 
O O (A CO 
U CO (0 TJ Q) 
O TJ 'O fO M 

jC (0 Id 

CO VO 
(1) 0) <U 00 
C C C C 
O -H CM 

^ *0 T( TJ 

>• o o o o; 

55 M W M 



T3 
TJ 

I-l 
o 
c 



o 
o 

iH 

o 

M 

I 

i-a 
o 
04 

£U 
09 
ZD 



ft lOrsi (Ocnto^ toinvor^coa\ 

« « -H « -H -IC -H -K -If -It « -tc 



12 



EP 0 604 108 B1 



5 




Example 3 


Tc directed 
to grip 


CM 

1 


m 
m 


CO 


o 


axial 
direction 


in 


10 
IS 
20 




Comparative Example 2 
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Table 7 


Comparative Comparative 
Example 1 Example 2 
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Tabled 



5 




Example 1 


Example 2 


Example 3 


Comparative 
Example 1 


Comparative 
Example 2 


Connparative 
Example 3 




Thickness of 
tread (mm) 


10 


10 


10 


10 


10 


10 


10 


Thickness of 
stdewall (mm) 


1.5 


1.5 


1.5 


2.5 


1.5 


3.5 




Height of bead 
apex (mm) 


25 


25 


25 


30 


25 


45 



IS 

In Table 6. T^. B^. Sa. Sq. are conventional ordinary compositions. 

From the resuHs of EXAMPLES 1 to 3 and COMPARATIVE EXAMPLES 1 to 3, the following facts can be recognised. 
The radial tyres according to the present invention are light, have very low rolling resistance, can provide excellent 
steering stability and ride comfort 
20 As explained above, since the radial tyre according to the present invention is light and has a low rolling resistance, 
a car fitted with the tyre is improved in fuel consuirption. further, since the tyre has an excellent steering stability (grip 
characteristic, handling response), the tyre can ensure safe high speed driving and also can provide excellent ride 
comfort. 

25 Claims 

1 . A radial tyre comprising: 

(A) a cap tread comprising a rubber composition whidi has a tan 6 peak temperature measured after vulcan- 
30 isation of not less than -30*C, 

(B) a base tread comprising a rubber composition containing, per 100 parts by weight of a rubber component, 
not more than 30 parts by weight of a carbon black which has an iodine adsorption number of from 30 to 90mg/g 
and not less than 10 parts by weight of a short fibre, the short fibre being oriented in substantially the axial 
direction of the tyre. 

35 (C) a stdewall comprising a rubber composition containing, per 1 00 parts by weight of a rubber component, not 

more than 30 parts by weight of a carbon black which has an iodine adsorption number of from 30 to 90mg/g 
and not less than 10 parts by weight of a short fibre, the short fibre being oriented in the peripheral direction of 
tiie tyre, and 

(D) a bead apex comprising a rubber composition containing, per 100 parts by weight of a rubber component. 
40 not less than 65 parts by weight of a carbon black which has an iodine adsorption number of from 60 to 1 0Omg/g 

and not less than 20 parts by weight of a short fibre, the short fibre being oriented in the substantially axial 
direction of the tyre or a direction which crosses the substantially axial direction. 

2. A radial tyre according to daim 1 . wherein said sidewall is formed by the ORBI method consisting in producing an 
45 extrudate in the form of a string which is wound to form the sidewall region, no separation in the joints occuring and 

the sidewall being formed uniformly on its periphery. 

PatentansprOche 

50 1 . Ein Radialreifen mit: 

(A) einer Obertetllauffldche mit einer Gummizusammensetzung, die eine nach Vulkanisation gemessene 
tan- 5 -Spitzentemperatur von nicht weniger als -30''C aufweist. 

(B) einer BasislaufTlftche mit einer Gummizusammensetzung, die pro 100 Gewichtsteile einer Gummikompo- 
55 nente nicht mehr als 30 Gewichtsteile eines KohlertstoffruDes, der eine Jodadsorptionszahl von 30 bis 90 mg/g 

aufweist. und nicht weniger als 10 Gewichtsteile einer Kurzfaser enthait. wobei die Kurzfaser im wesentiichen 
in der axialen Ricfitung des Retfens orientiert ist. 

(C) einer Seitenwand mit einer Gummizusammensetzung. die pro 100 Gewichtsteile einer Gummikomponente 
nicht mehr als 30 Gewichtsteile eines KohlenstoffruBes. der eine Jodadsorptionszahl von 30 bis 90 mg/g auf- 
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wetst, und nicht weniger als 10 Gewichtsteile einer Kurzfaser errthatt wobei die Kurzfaser in d r peripheren 
Richtung des Reifens orientiert tst, und 

(D) einem Wulstkernreiter mit einer Gummizusammensetzung, die pro 100 Gewichtsteile einer Gummikompo- 
nente nicht weniger als 65 Gewichtsteile eines KbhlenstoffruBes. der eine Jodadsorptionszahl von 60 bis 100 
mg/g aufweist, und nicht weniger als 20 Gewichtsteile einer Kurzfaser enthait wobei die Kurzfaser tm wesent- 
lichen in der axialen Richtung des Reifens Oder einer Richtung, welche die Im wesentlichen axiale Richtung 
kreuzt, orientiert ist. 

2. Ein Radialretfen nach Anspruch 1 . bei dem die Settenwand durch das ORBI-Verfahren gebildet ist. welches darin 
besteht, daf) ein Extrudat in Form eines Strangs erzeugt wird, der gewickelt wird. um die Seitenwandregion zu 
bilden, wob^ keine Trennung in den Verbirx^ungen auftritt und die Seitenw£ind gleichfOrmig auf ihrer Peripherie 
gebildet wird. 

Revendicatlons 

1 . Pneunnatique k carcasse radiate, oomprenant : 

(A) une bande de roulement externe comprenant une conrposition de caoutchouc ayant une temperature de 
cr&te tg5 mesur6e apr^ vulcanisation qui n'est pas inf^ieure k -30 **C, 

(B) une bande de roulement de t>ase conprenant une composition de caoutchouc qui contient pour 100 parties 
en poids d'un 6l6ment constituant de caoutchouc, au plus 30 parties en potds de noir de carfcx)ne ayartt un 
indice d'adsorption d'iode compris entre 30 et 90 mg/g et au moins 10 parties en poids de fibres courtes, les 
fibres courtes 6tant orient^es pratiquement dans la direction axiale du pneumatique. 

(C) un flanc conrtprenant une composition de caoutchouc qui contient. pour 100 parties en poids d'un 6l6ment 
constituant de caoutchouc, au plus 30 parties en poids de noir de cartx)ne ayant un indice d'adsorpton d'iode 
compris entre 30 et 90 mg/g et au moins 1 0 parties en poids de fibres courtes, les fibres courtes 6tartt orient6es 
dans la direction p6riph6rtque du pneumatique, et 

(D) une pointe de boun^age de talon oomprenant une composition de caoutchouc qui contient. pour 100 parties 
en poids d'un 616ment constituant de caoutchouc, au moins 65 parties en poids de noir de carbone ayam un 
indice d'adsorption d'iode compris entre 60 et 100 mg/g et au moins 20 parties en poids de fbres courtes, les 
fibres courtes dtant orient^es pratiquement dans la direction axiale du pneumatique ou dans une direction qui 
recoupe la direction pratiquement axiale. 

2. Pneumatique d carcasse radiale selon la revendication 1 , dans tequel le flanc est fbrm^ par te proc6d6 "ORBI" qui 
comprend la production d'une mati^re extrud6e sous forme d'un filament enroul^ pour la formation de la region de 
flanc. aucune separation dans les joints n'^tant ainsi produite, et le flanc est forme uniformement k sa peripheric. 
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FIG. 3 
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FIG. 4 
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